An experiment laid out in a split-plot design and replicated three times was conducted to study the effects of irrigation frequency (at 2, 4 and 6 day intervals) and NPK fertilizer rates (0 Kg NPK ha -1 , 60-40-20 kg NPK ha -1 , 120-80-40 kg NPK ha -1 and 180-120-60 kg NPK ha -1 ) on biomass yield, harvest index (HI), productivity scores, and leaf and non-leaf yield characters of Cucumis africanus. A six day irrigation interval and 60-40-20 kg NPK ha -1 application rate produced significantly higher (P < 0.05) fresh vegetative matter, while apparent and structural HI's were pronounced when 120-80-40 kg NPK ha -1 was applied. The highest productivity scores were produced by moderate irrigation frequency of four day intervals while applying nutrient mixtures at the rate of 120-80-40 kg NPK ha -1 . In conclusion, the study results depict that Cucumis myriocarpus as a dual purpose, leafy vegetable and ethnobotanical crop, can grow with minimal irrigation water application and a moderate supply of nutrients to produce adequate biomass yields for rural households in the Limpopo Province.
Introduction
Wild-watermelon, Cucumis africanus, a member of the family cucurbitaceae, whose fresh young leaves of the plant are eaten as a pot herb by many people in the rural communities of South Africa. Other research workers found that the The current study pursues to evaluate and determine agronomic performance of traditional leafy-vegetable and ethnobotanical crop Cucumis africanus in terms of biomass yield, biomass partitioning to plant fractions and root/shoot ratios as influenced by irrigation water application frequency and NPK fertilizer application rate under greenhouse regime.
Materials and methods

Site specification
A greenhouse experiment was conducted at Horticultural Research Facility of University of Limpopo, Limpopo Province, South Africa (23°53'10'' S; 29°44'15'' E) during the 2009-2010 growing season. Ambient day/night temperatures averaged 28/21 o C, with maximum temperatures controlled using thermostatically-activated fans.
Experimental layout and treatments
The experiment was laid out in a split-plot design arrangement and replicated three times. Three irrigation intervals, namely, 2, 4 and 6 days, were accorded as main plots. During each irrigation interval, 1000 ml tap-water was applied per pot. Irrigation water application treatments were applied seven days after transplanting. NPK application rates of 0 Kg NPK ha -1 , 60-40-20 kg NPK ha -1 , 120-80-40 kg NPK ha -1 and 180-120-60 kg NPK ha -1 were accorded to sub-plot treatments.
Experimental protocol
Cucumis africanus seedlings were raised in seedling trays using thirty-cmdiameter plastic pots, filled with 10 L steam-pasteurised sand and Hygromix (3:1 v/v), which were placed on greenhouse benches at 0.5 m inter-row and 0.6 m intra-row spacing. Uniform three-week-old Cucumis africanus seedlings were transplanted to the pots one day after irrigating the growing medium to field capacity. NPK fertilizer (3:2:1) was given in split doses. First dose was applied at transplanting of seedlings into 30 cm plastic pots, while the remaining dose was applied 20 days after the first dose.
Data collection and analysis
At 60 days after transplanting (60 DAT) plants were harvested. Above-and belowground plant parts were separated into roots, stems and leaves. Sample pots were emptied and roots carefully separated from the soil mixture using a gentle stream of water. Canopy area was measured using canopy area meter (LI-3100C, LI-COR, Bioscience, Lincoln, NE 68504 USA) and then fresh and dry root, stem and leaf weights were determined using a standard balance scale. The collected data was recorded for the following leaf yield characters: leaf biomass, shoot biomass, leaf length, Leaf width and canopy area; non-leaf yield characters: root biomass, stem biomass, main vine length, lateral vine length, lateral vine number and root length; and ratios of plant fractions: root/stem, root/leaf, root/shoot and leaf/stem. The data of all the above mentioned parameters were individually subjected to the analysis of variance techniques using Statistix 8.1 software (Statistix, Analytical Software, Statistix; Tallahassee, FL, USA, 1985 USA, -2003 . Mean comparisons were done using least significance difference (LSD) at 0.05 level of probability [16, 17] . When treatments were significant sum of squares were partitioned to determine the percentage contribution of source of variation to the total treatment variation [18] .
Results
Biomass yield and harvest indexes
Biomass yield: Biomass yield exhibited highly significant (P < 0.01) variances in response to irrigation interval and NPK fertilizer application rate treatments. The highest yield resulted when C. africanus plants were subjected to six day irrigation interval and fertilizer rate of 60-40-20 kg NPK ha -1 , and was 201% higher than the lowest biomass yield. Average biomass yield ranged from 1662 to 2079 kg ha -1 and were correspondingly 10.1% lower and 12.4% higher than average biomass yield across the treatments ( Table 1) . Application of NPK fertilizer contributed a highly significant (P < 0.01) 59.2% of total treatment variation across the treatment applied to the experimental units (Table 2) .
Apparent harvest index (HI App ): highly significant (P < 0.01) differences were observed on HI App as a factor of NPK fertilizer application which contributed 33.3% of total treatment variation across the treatments ( Table 2 ). The high percentage of HI App was achieved when C. africanus plants were exposed to irrigation episodes of six day interval and applying fertilizer at the rate 60-40-20 kg NPK ha -1 . The highest HI App was correspondingly 32.7 and 22.6% higher than the lowest and average HI App across the irrigation interval and NPK rate treatments (Table 1) .
Structural harvest index (HI Str ): HI Str displayed highly significant (P < 0.01) vagaries as a result of NPK fertilizer application while irrigation interval and treatment interaction where non-significant (P > 0.05). NPK fertilizer rate accounted for 39% of the total treatment variation in the study ( Table 2 ). The highest HI Str was respectively 93.7 and 34.8% higher than the lowest and average HI Str across the irrigation interval and NPK rate treatments and was achieved when plants were irrigated at six day interval with fertilizer applied at 60-40-20 kg NPK ha -1 rate (Table 1) . *** Significant (P ˂ 0.01), ** Significant (P ˂ 0.05), Df = degree of freedom, SS = sum of squares, ns = non-significant.
Vegetative yield characters
Leaf yield characters
Leaf-based vegetative yield characters of C. africanus were immensely influenced (P < 0.01) by the interaction between irrigation interval and NPK fertilizer application rate. Subsequently, irrigation significantly (P < 0.05) influences leaf area and leaf length while leaf with was not affect ( Table 3 ). The interaction between irrigation interval and NPK fertilizer rate accounted for 39, 42 and 27% of total treatment variation in leaf area, leaf length and leaf width, respectively. Contrariwise, irrigation interval contributed correspondingly 20 and 21% to total treatment variation in leaf area and leaf length while leaf with was not significant (Table 3) . Leaf area, leaf width and leaf length exhibited the widest spread and longest length when four day irrigation interval and 60-40-20 kg NPK ha -1 fertilizer application rate were applied to C. africanus plants ( Table 4 ). The widest leaf area and width were and % wider narrowest and width, respectively, while the longest leaf length was % longer than the shortest length. 99.8 100 *** Significant (P ˂ 0.01), ** Significant (P ˂ 0.05), Df = degree of freedom, SS = sum of squares, ns = non-significant. 
Non-leaf yield characters
Non-leaf yield characters of lateral vine length displayed highly (P < 0.01) differences in response to NPK fertilizer application rate and the interaction between irrigation interval and NPK fertilizer rate. In addition, significant (P ˂ 0.05) responses to NPK fertilizer application rate were shown by both number of lateral vines per plant and main vine length while on the contrary lateral vine length responded significantly to irrigation interval (Table 5 ). NPK application rate accounted for 28 and 35% of the total variation for main vine and lateral, respectively, the interaction between irrigation interval and NPK fertilizer rate contributed for correspondingly 38 and 19.3% to total treatment variation on lateral vine length and lateral vine number. The longest main vine and lateral vine were 242 and 56% longer than shortest characters, respectively (Table 6 ). Total  35  84825  100  10734  100 23.4 100 *** Significant (P ˂ 0.01), ** Significant (P ˂ 0.05), Df = degree of freedom, SS = sum of squares, ns = non-significant. 
Discussion
Adequate biomass supply of indigenous crops such as C. africanus are required for both consumption as a leafy vegetable and use as ethnobotanicals in many rural areas of developing regions [19, 20] . The results of the study show that by applying intermediate irrigation frequency and NPK rate substantially high amounts of fresh and dry biomass yields of C. africanus that are required by the rural populace can be achieved. Consequently, with the advent of escalating water shortages [21] and lack of inorganic fertilizer-inputs supplies [22] in rural communities it can be deduced from the above findings that smallholder farmers can produce C. africanus with infrequent irrigation episodes and minimal nutrient inputs applications. An additional benefit to diets of indigenous leafy vegetables consumers is that it is reported by several workers that they can contribute with significant amounts of vitamins and minerals, and are especially excellent sources of protein, carotene, iron and ascorbic acid [23, 24] ; an attribute that can greatly assist in the fight against the hidden hunger prevalent in many rural areas.
In our study partitioning of biomass to roots, stems and leaves, was found to be significantly influenced by irrigation frequency and NPK rate at intermediate levels of application. These results agrees with findings by several workers on other vegetable crops, Erdem et al. [25] in watermelon, Waseem et al. [26] in cucumber, Khan et al. [27] in bell pepper, van Averbeke and Juma [28] in Brassica rapa L. subsp. chinensis and Solanum retroflexum Dun. In contrast, Sensoy et al. [29] found good responses with treatments employing greatest frequency and quantity of irrigation in field-grown melon and Singh et al. [30] found that NPK dose above the recommended was required to minimize the adverse impacts of nutrient shortages in cropping systems.
In this study, highly significant (P ≤ 0.05) variances were observed for root/shoot ratio. Applying irrigation at four day frequency and 60-40-30 NPK kg ha -1 rate produced the highest root/shoot ratio which was 92.98% higher than the lowest root/shoot ratio, an indication that in this treatment more assimilates where to the roots [31] . The lowest root/shoot ratio was given by irrigating on a six day frequency basis and applying 120-80-60 NPK kg ha -1 which supported production of above-ground portions as opposed to the below ones. Nonetheless, these treatments were not superior in terms of total and plant fraction biomass yield.
Conclusions
The results of the study showed significant influences that varying irrigation water application frequencies and NPK fertilizer application rates has on biomass yield and portioning, as well as the relationship between the above-and below-ground plant parts. The highest Cucumis africanus plant fraction harvest of stem (61.73 g m -2 ); leaf (72.84 g m -2 ) and shoot (143.57g m -2 ) were obtained in the four day irrigation interval and fertilizer combination of 120-80-40 kg NPK ha -1 rate. A crop biomass harvest under these conditions produced fresh and dry biomass yields of correspondingly 2049.4 and 1506.2 kg ha -1 .
